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Introduction

The story of the natural sciences is a story of remarkable achievements. The
scientific revolution of the seventeenth century, which is associated with the names
of such great scientists as Galileo Galilei (1564-1642), Isaac Newton (1642-1727)
and Robert Boyle (1627-91), initiated a period of tremendous progress which shows
no sign of coming to an end. In little more than three centuries, we have discovered
the fundamental laws of physics, the 92 elements that make up the periodic table,
and some of the secrets of life that are written into our DNA. Science has not only
enabled us to split the atom, clone a sheep, and put men on the moomn, it has also
delivered all kinds of practical benefits such as cars, telephones and computers.

Perhaps not surprisingly, the extraordinary success of the natural sciences has led
some people to see them as the dominant cognitive paradigm or model of knowledge.
Irom time to time, there have been attempts to establish other areas of knowledge
on a more scientific foundation that mimics the rigour and apparent certainty of
subjects like physics. Some people have even argued that science is the only road to
knowledge and that if you cannot prove something scientifically then you don’t
really know it at all.

Despite the success of the natural sciences, we should be cautious about some of
the more extravagant claims that are made on its behalf. For science is not God
and, like every other area of knowledge, it has its weaknesses and limitations. We
often hear it said that science has proved that something or other is the case — as if
scientific findings had the certainty of mathematical deductions. But, since science
has a history and scientific beliefs change over time, we might wonder how far the
natural sciences really do give us certainty. We also need to keep in mind that the
natural sciences do not have a monopoly on the truth and that there may be other
equally valid ways of making sense of the world.

Give some examples of things that were believed to be true by nineteenth-
century scientists but which we now know to be false.

Recently some critics of science have drawn attention to the dangers as well as the
benefits of scientific knowledge, and there has been something of a backlash against
‘science worship’. Int some quarters, there is a feeling that science is ‘out of control’,
and that scientists are ‘playing God’ and meddling with things they do not fully
understand. Alarming predictions about nuclear war or the harmful effects of
cloning may lead us to question whether in the long-term the benefits of science
outweigh the costs.

1 What connotations does the word ‘science’ have for you? Are they positive,
negative or mixed?

2 How are scientists viewed in popular culture, such as novels and movies? Are
they generally seen as heroes or as villains?
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Our concern in this chapter is with the nature and status of scientific knowledge.
We will begin by looking at why it is important to distinguish between science and
non-science, and then go on to look at three different theories of how science
works. Finally, we will come back to the question of science and values.

Science and pseudo-science

The natural sciences typically denote subjects like physics, chemistry and biology.
Since the word ‘science’ is like a stamp of approval or guarantee of quality,
advertisers sometimes appeal to the status of science to sell their products, and
charlatans may describe dubious medicines and remedies as ‘scientific’ in order to
deceive gullible people.

"2 Find and analyse any two advertisements that use the language of science in
order to market their products.

Among the huge number of things that have been described as 'scientific’ by their
proponents are the following.

¢ Acupuncture — the belief that by inserting needles into various parts of the body
you can restore normal energy balance to relieve pain and cure various disorders.

«  Astrology — the belief that our characters are determined by the celestial bodies
(sun, moon, planets and stars} at the time of our birth.

¢ Creationism - the belief that the theory of evolution is false and that each specics
was uniquely created by God.

©  Crystology — the belief that crystals have magical healing powers.

© Feng shui — the belief that the positioning and physical characteristics of your
home can affect the balance and harmony of your life.

©  Graphology — the belief that by analysing a person’s handwriting you can learn
about their character.

©  Homeopathy — the belief that an extremely small quantity of a substance that can
cause certain symptoms in a healthy person can cure similar symptoms in an
unhealthy person.

©  Phrenology — the belief that the structure of a person’s skull determines their
character and mental ability.

We should perhaps be open-minded about some of the above beliefs and find out
more about them before deciding whether or not there is any truth in them. For it
could be atgued that if they ‘work’ for people and, for example, help to alleviate
pain then, whether or not they are scientific, it would be foolish to condemn themt.
If millions of people claim to get relief from acupuncture, then even if we do not
understand how it works, why not accept it as a useful tool in the medical armoury?
Nevertheless, if acupuncture works then it surely makes sense to try to find out why
it works, and this will inevitably involve doing such things as formulating
hypotheses and conducting controlled experiments to test them. If we are to
understand what is going on, there does not seem to be any other way to proceed.




Figure 8.1

While some people are willing to subject their beliefs to proper scientific tests,
others are not. They simply state that their beliefs are scientific. But just because
someone says that something is scientific does not mean that it is scientific. For
example, a racist might claim that his theories are based on biological research, but
we are not going to take his word for it. What we need are criteria for
distinguishing genuine science from pseudo-science (fake science).

Of course, just because something is not a science does not mean that it is a
pseudo-science. For example, literary criticism is not a science, but since it makes
no claim to be scientific, it is not a pseudo-science either, and as a way of trying to
make sense of a text it has its own validity. What distinguishes a pseudo-science is that
it claims the status of science while lacking its substance.

Consider, for example, crystology, a sét of beliefs about the magical power of
Crystals which claim to be scientific but have not been scientifically tested. Among
the claims made by advocates of crystology is that quartz crystals generate ‘a field
of positive crystalline energy’. Something called a ‘bioelectric shield’ — a kind of
magic pendant - is said to be ‘medically proven’ and ‘based on Nobel Prize winning
physics’. Among the alleged benefits of the shield are that it ‘boosts your immune
System and reduces stress while enhancing mental, emotional and physical
Performance’. You can buy such a shield for anything from $139 to over $1,000.
Meanwhile, a ‘certified Master of Crystology’ advertises a comprehensive healing
session in which ‘your aura will be cleansed and balanced’, and any weaknesses or
areas of the body under stress will be addressed through the practitioner’s ‘intuitive
use of crystals’. The cost of a half-hour session is $45. Perhaps there is something in
all this, but you would be wise to investigate these claims more thoroughly before
Parting with your money.
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What is the difference between astronomy and astrology? why is the former
dassified as a science and the latter not? Do you agree with this classification?

As a scientist, how would you go about trying to test the claims of astrology?

Do some research on the placebo effect and give a short explanation of it. What
is its relevance when we evaluate the claims of alternative medicine?

i !H'll'hﬁlllFIiT.‘I[IIIi"I’lHil-... )
W warong

| SEE BY YOUR
HANDWRITING
YOU LIKE BANANAS.

Figure 8.2

The difference between science and pseudo-science

The main difference between science and pseudo-science is that scientific hypotheses
are testable, whereas pseudo-scientific ones are not. There are at least two ways in
which pseudo-scientific hypotheses protect themselves from being testable:

1 Vagueness If a statement is sufficiently vague, it will be impossible to
verify or falsify it. A claim such as ‘quartz crystals can restore the balance and
energy of your life’ is, as it stands, virtually meaningless. To turn it into a
genuinely scientific claim, we would need some kind of criteria — preferably
measurable ones — to determine the meaning of words like ‘balance’ and
‘energy’. We might also want to know the time period within which these
improvements are supposed to take place,

2 Ad hoc exceptions A statement may be protected by various kinds of ud
hoc exceptions. For example, if someone says ‘All swans are white’ and you
show them a black one, they may qualify their statement by saying ‘All swans
are white except that mutation.” A good scientific hypothesis is one that is
general in nature and does not keep making exceptions every time it meets

counter-examples.
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Given the above discussion, 1 think we can say that for a hypothesis to be a
‘genuinely scientific statement it must be testable, and that it will be easier to test if
the following are true:

1 Itis clearly stated and makes precise rather than vague predictions.

2 It does not keep making ad hoc exceptions when it comes across

counter-examples.

which of the following statements make scientifically testable claims?
a 1n 2010 you may or may not win the lottery.

b It always rains on Tuesdays.

¢ We have all lived past lives, but most of us are too unenlightened to
remember them.

Real men don't Cry.

unlike magnetic poles attract each other.

Everyone is selfish.

Acids tun litmus paper red.

something surprising will happen to you next week.

=l T B 1~ N =

2 To what extent do you think astrology consists of genuinely testable propositions?

The scientific method

In trying to distinguish science from non-science, you might list ail the subjects
that count as science — such as physics, chemistry and biology - and then say that
everything else is non-science. However, this does not seem very helpful because it
does not explain why some things count as science and other things do not. A
better approach might be to say that what distinguishes science from non-science is
a distinctive method. On this view, science is not so much a fixed body of
knowledge as a way of thinking about the world.

1 Each of the elements below is relevant to the scientific method. Try to put
them into sequential order and writ€ a short description of how 3 scientist
typically works. ’

a Experiment b Induction
¢ Hypothesis d Law

e Measurement f Observation
g Repeatability h Theory

2 How is each of the following similar to scientific activity and how is it different?
a Baking a cake by following a recipe.
b ‘Experimenting’ with ingredients and making your own recipe.
¢ Collecting and organising stamps from around the world.
d Repairing a car that has broken down.
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Heating a fixed volume of gas to see what happens to the pressure.
speculating on the origins of the universe.

Studying human anatomy before making a scuipture.

Doing detective work to soive a murder.

Inventing the light bulb.

Predicting rain because the clouds look threatening.

Solving a crossword puzzle. ' <
Noticing that you always need something just after you have thrown it away. ||

—_—— et = e, ™M

Inductivism |
According to the traditional picture of the scientific method, which is known as
inductivism, science consists of five key steps:

1 observation
2 hypothesis
3  experiment
4 law

5 theory

You begin by observing and classifying the relevant data. You then look for a
pattern in the data and formulate a hypothesis. You then make a prediction, which
you test by an experiment. A good experiment should have the following features:

e Controllability You vary only one factor at a time so that you can determine its
effect. For example, you might vary the temperature of a gas while keeping its
volume constant. This helps you to isolate the cause of the phenomenon that
you are investigating.

* Measurability You can measure the relevant variables. This adds precision and
objectivity to your experiment.

* Repeatability Your experiment can be repeated by other people who will be able to
confirm your results. This ensures that your results have some kind of objectivity.

If your experimental results confirm your hypothesis, then you may have
discovered a scientific law. If your results disconfirm your hypothesis, then you will
need to go back and think again.

Finally, you may develop a theory which explains and unifies various laws in
terms of some underlying principles. A good theory explains why the laws are the
way they are and provides a focus for further research.

An example: the Copernican revolution

To illustrate the scientific method, consider the way our views have changed about
the place of the earth in the universe. Since it does not look or feel as if we are
moving, it is natural to think that the earth is stationary. So it is not surprising that
the Greek astronomer Claudius Ptolemy (85-165) developed a model of the universe
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- with the earth at the centre of things and the sun and the planets going round it.
Ptolemy’s model not only reflected common sense, but also enabled people to make
accurate predictions about the movements of the planets. The steps that led to the
breakdown and eventual replacement of this model could be traced in the folowing
simplified story:

Observation As people made new and better observations, Ptolemy’s model
became increasingly complicated in order to accommeodate them, so that, by the
sixteenth century, it had become a ‘disorderly monster’.

Hypothesis This led Nicolaus Copernicus (1473-1543) to suggest a simpler and
more elegant approach which put the sun at the centre of the solar system and had
the planets revolve around it.

Prediction In the Ptolemaic model, Venus orbits the earth and so always appears
the same size; but Copernicus said that if Venus orbits the sun its apparent size
should vary as its distance from the earth changes. To the naked eye Venus appears
to be a constant size as predicted by the Ptolemaic model. But when Galileo
(1564-1642) looked at it through a telescope in 1609, he discovered that its size
does indeed vary as had been predicted by Copernicus.

Law On the basis of the above observations and discoveries, Johannes Kepler
(1571-1630), developed laws of planetary motion.

Theory Finally, Isaac Newton (1642-1727) came up with the theory of gravity,
which says that there is a force of attraction between objects whose strength is
directly proportional to their masses and inversely proportional to the square of the
distance between them. (Thus if you double the distance between two objects, the
gravitational attraction between them will be 1 /4 of its original strength.) This was
part of a more general theory that enabled Newton to explain a wide variety of
phenomena such as why an apple falls from a tree, why people have weight, the
movement of the tides, and the orbit of the planets. Newtonian physics also
enabled later astronomers to make accurate predictions that led to the discovery of
new planets such as Uranus in 1781 and Neptune in 1846.

The following points are worth drawing out of this brief account:

e Scientific progress needs a background of careful observation. Kepler was able to
develop his laws of planetary motion because another astronomer called Tycho
Brahe (1546-1601) had made meticulous observations and discovered various
anomalies in the orbits,of the planets. (An anomaly is an observation that
seems to contradict a generally accepted theory.)

» Technology can extend our powers of observation, thereby making it easier to
test new ideas. Galileo was only able to detect the change in the apparent size of
Venus by using the newly invented telescope.

¢ Imagination plays an important role in the development of new scientific ideas.
Part of Copernicus’ genius was that while he saw what everyone else saw when
he looked up at the night sky, he came up with a different way of looking at it.
(In fact, a Greek astronomer called Aristarchus had suggested that the earth goes
round the sun as early as the third century BCE, but the idea didn’t catch on.)

o Mathematics also plays a central role in the development of sclentific ideas.
Newton'’s law of gravity not only fitted the observational data, but could also be
expressed in precise mathematical terms.

8 Thenatural sciences
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e Many scientific discoveries are counter-intuitive and go against untutored

common sense. We now take it as obvious that the earth rotates on its axis and
orbits the sun but, when you think about it, it is difficult to believe that the
earth is spinning at 1,000 miles an hour and travelling round the sun at about
67,000 miles an hour.

-

Try explaining the following to someone who doesn’t know much physics.

a If the earth is round, why don'’t people fall off the bottorn?

b if the earth is moving round the sun and otating on its axis, how come it
doesn't feel like we are moving? .

¢ Since birds fly far slower than the earth rotates, how come they don't get left
behind when they fly in the direction of the rotation (west 0 east)?

Our discussion so far might suggest that there is a straightforward procedure for
generating scientific truth from raw observations. All you have to do is follow the
scientific method. But things are not that simple. If we go over the various stages of
the scientific method again, we will see that each step is more complicated than it
first appears.

Problems with observation

Science is based on observation but, as we saw in Chapter 4, observation is not as
straightforward as it first seems. In what follows, we shall briefly consider problems
of relevance, expectations, expert seeing and the observer effect.

Relevance

imagine that you are interested in finding out why some students catch a cold in
the winter term and other students do not. Which of the following factors might
you look at in comparing the two groups, and which would you consider irrelevant?
a Diet b Colour of underwear
¢ Exercise d Middle name

e Dornestic heating f Movies watched
L g Warmth of clothing

Quite reasonably, you probably said that (a), (c), (e) and (g) are relevant, and (0), (d)
and (f) are irrelevant. How, after all, could the colour of your underwear, Ot your
middle name, or the movies you have watched, affect whether ot not you catch a cold?
The important point that comes out of this example is that we always begin with
some idea of what is and what is not relevant to the problem. If we did not, w¢
would drown in a flood of observations. However, the selective nature of percepti‘)“
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means that it is always possible that we have overlooked a factor that later turns out
to be relevant. For example, when you do an experiment in chemistry, you do not
normally count how many people are in the room. However, this will affect the
temperature of the room, and in a sensitive experiment that might affect the speed
of the chemical reaction.

Expectations

Another problem with observation is that our expectations can influence what we see.
When the planet Mercury was found to be deviating from the orbit predicted by
Newton’s laws, some nineteenth-century astronomers suggested that the anomaly
was caused by an undiscovered planet called Vulcan. So confident were they in their
belief that several astronomers then claimed that they had observed Vulcan. But it
turned out that Vulcan does not exist. The correct explanation for the deviation of
Mercury had to wait for Einstein’s theory of relativity.

Expert seeing

The use of scientific equipment such as microscopes and telescopes to make
chservations further complicates things. We may laugh when we hear that some of
Galileo’s contemporaries refused to look through his telescope preferring to rely on
the authority of the Church rather than the evidence of their senses. But it is worth
pointing out that the telescope Galileo used to discover the phases of Venus and the
moons of Jupiter was a fairly crude instrument. Some of Galileo’s drawings of the
moon are quite inaccurate and include some craters and mountains that do not in
fact exist. From your own experience in the science lab, you are probably aware that
it takes quite a lot of practice to learn how to see through a microscope.

The observer effect

A final problem with observation is that the act of observation can sometimes affect
what we observe. To take a simple example, imagine that you want to know exactly
how hot a cup of tea is. You put a thermometer in the tea and read off the
temperature. The problem is that, instead of measuring the temperature of the tea,
you are now measuring the temperature of the tea-with-the-thermometer-in-it. The
very act of putting the thermometer in the tea has changed its temperature. Of
course, for most practical purposes this does not make a significant difference. if
you are in bed with a fever and the doctor comes and tells you that you have a
temperature of 102 °F, it would be pedantic to point out that she has in fact taken
the temperature of you plus the thermometer. However, the effect of the observer on
the observed plays an important role in a branch of physics known as quantum
physics. We shall also have more to say about the observer effect when we discuss
the human sciences in the next chapter.

While our discussion has focused on the fallibility of perception, it is important
not to exaggerate the problem. The great strength of science isthatitisa
communal and self-correcting enterprise. Sooner or later the errors of one individual
are likely to be corrected by someone else.

g8 The natural stiences
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57 'An uneducated child and a trained astronomer, both relying on the naked eye and
twenty-twenty vision, will literally see a different sky.” What do you understand by
this quotation?

Testing hypotheses

Testing hypotheses is also less straightforward than the naive account of the
scientific method implies. Among the complications are: confirmation bias,
background assumptions and the fact that many different hypotheses are consistent
with a given set of data.

Confirmation bias

Confirmation bias refers to the fact that people tend to look for evidence that
confirms their beliefs and overlook evidence that goes against them. If, for example,
you believe that Virgos are particularly shy individuals, you will notice every time
you come across a shy Virgo. But if you only observe confirming instances of your
hypothesis this does not show that it is true. You also need to look for evidence that
might falsify it.

In the above example, as well as looking at Virgos who are shy, what else might
you look at that could falsify your hypothesis?

The two other key things you should look out for are: (a) Virgos who are not shy;
and (b) people of other star signs who are also shy. When all the evidence is in, it
may turn out that, despite your initial belief, there is no relationship between a
person’s star sign and whether or not they are shy.

A good scientist will be aware of the danger of confirmation bias and actively
seek to combat it. In one of his notebooks Charles Darwin (1809-82) stated that 1
followed a golden rule, namely that whenever a new observation or thought came
across me, which was opposed to my general Tesults, I make a memorandum of it
without fail and at once; for I had found by experience that such facts and thoughts
were far more apt to escape from the memory than favourable ones.” This is a
tribute to Darwin’s intellectual integrity.

One common form of confirmation bias is for a scientist to dismiss results they
dom’t expect as ‘experimental error’. Imagine, for example, that you do an experiment
and get the following results. You would probably be tempted to ignore observation X,.

Areas of knowledge




R - : : :
< X To what extent do you think you
4 6 would be justified in dismissing
Xs observation X, in this example
o as experimental error?
Z X3
&
X2
X1
Terperature g

Figure 8.3 Pressure—temnperature graph

In the above case, it might seem reasonable to assume that X, is a result of human
error, but it would be wise to take more observations to be on the safe side. In
practice, however, it is difficult to say where ‘trimming’ one’s results to exclude
experimental error ends and ‘cooking the books’ begins. Scientists naturally want to
show their results in the best possible light, and they often have strong expectations
about the way an experiment should turn out. When the notebooks of one famous
physicist were examined, the following comments were found alongside his
experimental cbservations:

"Very low. Something wrong.’
‘This is almost exactly right and the best one I have ever had!!l’

‘Agreement poor.’

To take another example, Gregor Mendel’s (1822-84) work on the hereditary traits o
of peas laid the foundations for modern genetics. But according to some modern
geneticists, his results are just too good to be believable, and he has been accused of _
only reporting results that favoured his case. The following is an amusing account .
of Mendel’s method: :

IN THE BEGINNING, there was Mendel, thinking his lonely thoughts alone. And he said: ‘Let B
there be peas,’ and there were peas, and it was good. And he put the peas in the garden, : L
saying unto them, ‘Increase and multiply, segregate and assort yourselves independently,” and '
they did, and it was good. And now it came to pass that when Mendel gathered up his peas,
he divided them into round and wrinkled and called the
round dominant and the wrinkled recessive, and it was
good. But now Mendel saw that there were 450 round
peas and 102 wrinkled ones; this was not good. For the
law stateth that there should be only three round for
every wrinkled. And Mendel said unto himself, ‘Gott in
Himmel, an enemy has done this; he has sown bad peas
in my garden under the cover of night.’ And Mendel
smote the table in righteous wrath, saying, ‘Depart from
me, you cursed and evil peas, into the outer darkness
where Thou shalt be devoured by the rats and mice,”
and lo, it was done, and there remained 300 round peas
and 100 wrinkled peas, and it was good. It was very,
very good. And Mendel published. Figure 8.4
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“No, ignore that one Davies. It's unscientific.”
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Background assumptions

Whenever we test a hy'pbthesis, we make various background assumptions, any one of
which could turn out to be false. For example, at the time of Copernicus, it was
generally agreed that the fixed stars are relatively close to the earth. Given this, it
follows that if the earth is orbiting the sun the position of nearby stars relative to more
distant stars ought to change as the earth moves round the sun. Such a change of
relative position is known as a parallax. (An analogy may help you to get the point here.
Hold a pencil out in front of you so that it exactly covers a distant object, such as a tree.
If you now close each of your eyes in turn, the position of the pencil relative to the tree
will appear to change. In a similar way, the relative position of the stars should change
if the earth is moving.) The problem was that no one was able to observe the required
parallax; and neither Copernicus nor Galileo had an answer to this criticism. Finally it
turned out that the assumption that the fixed stars are relatively close to the earth was
wrong, and in the nineteenth century the stellar parallax was finally observed.

Many different hypotheses are consistent with a given set of data .

Since it is possible to come up with many different hypotheses that are consistent
with a given set of observations, it is in practice impossible to prove that any
particular hypothesis is true. For example, in our discussion of astronomy above,

I said that Galileo saw that the relative size of Venus changes as predicted by
Copernicus’ heliocentric theory. While this observation is inconsistent with
Ptolemy’s model, it is in fact consistent with another model according to which the
sun orbits the earth and the other planets orbit the sun.

In fact, there are an endless number of different hypotheses consistent with a
given set of observations. This can be easily shown by considering the graphs below.
Imagine you are investigating the relationship between the temperature and
pressure of a gas. You make some observations, X,, X, and X;. On the basis of your
observations, you formulate a hypothesis H1, and make a prediction P. Your
prediction is confirmed. Does this conclusively confirm hypothesis H1? No! For
your observations are also consistent with another hypothesis H2.

A ﬂl
H1 '

= g

Z B

8 3 g

Ay H2 =%

1
Temperature i Temperature

Figure 8.5 Temperature-pressure graph Figure 8.6 Temperature-pressure graph,
showing hypotheses H1 and H2 with extra observations
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To decide between hypotheses H1 and
H2 you might make some further
observations, Y,,Y, and Y, as in Figure
8.6. These new observations would seem H1
to confirm H1 and eliminate H2.

But once again H1 is ot conclusively
confirmed. For we might now make
another hypothesis H3 which is also
consistent with our observations (Figure
8.7). Further observations might
eliminate H3 and confirm H1, but you
could then make another hypothesis H4 ]
and so on. Extrapolating from this, you
a can see that, no matter how many Temperature
! observations you make confirming H1,
: there will always be other hypotheses
that are also consistent with the data.

Pressure

Y

Figure 8.7 Temperature-pressure graph
with new hypothesis H3

The principle of simplicity

Having said that, hypotheses such as H3 do seem absurd, and it is hard to avoid
thinking that H1 is the more natural hypothesis. In fact, scientists usually appeal to
a principle of simplicity which says that given two competing theories which
make exactly the same predictions the simpler theory is to be preferred. This
justifies our preference for H1 over H2 or H3. However, if you asked a scientist to
justify their belief in the principle of simplicity, they would probably shrug their
shoulders and say that’s just what they believe. The principle reflects a deep belief
in the orderliness and comprehensibility of nature, but no further justification can
be given for it. Since simplicity is also related to concepts such as ‘beauty’ and
‘elegance’, we can say that in practice aesthetic considerations are likely to play a
role in a scientist’s choice of hypothesis.

But we must be careful. For our aesthetic prejudices can sometirnes lead us astray.
Copernicus was convinced that the planets must orbit the sun in circles because he
thought that a circle is a perfect figure. However, it turned out that planetary orbits
are elliptical rather than circular. The moral of the tale is that nature’s aesthefic may
not be the same as our own, and beautiful theories are sometimes slain by ugly facts!

The problem of induction

A final problem with the naive picture of the scientific method concerns induction.
As we saw in Chapter 5, inductive reasoning goes from the particular to the general,
and it plays a central role in the way that scientists think. Take, for example, our
belief that all metals expand when heated. How did we come by this belief? Not by
reason, or intuition, or divine revelation, but by observation. As far as we know,
every time a piece of metal has been heated, it has expanded, and there are no
recorded cases of metals not expanding when heated. So it seems reasonable to
conclude that this is a law of nature. What's the problem?
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Although it is unlikely to keep you awake at night, the problem is that when we
reason inductively we are moving from the observed to the unobserved. For
example, when we reason that since metal A and metal B and metal C etc. expand
when heated, then all metals expand when heated, we are making a generalisation
from things we have observed to things we have not observed.

Practical problems

At a practical level, the problem of induction raises the question of how many
observations we should make before we are entitled to make a generalisation. We
saw in Chapter 6 that we have a tendency to jump to conclusions on the basis of
insufficient evidence, and we looked at various criteria for distinguishing reasonable
generalisations from unreasonable ones. But there is no hard and fast rule about
how many observations you should make before you are entitled to generalise. All
we can say is the more observations you make that support your hypothesis the
more confident you will feel about it.

The trouble is that even well-confirmed generalisations sometimes lef us down.
Up until the eighteenth century, it was commonly believed by Europeans that all
swans are white, There were innumerable confirming instances of this belief and no
disconfirming instances. Then some black swans were discovered in Australia. More
dramatically, for two and a half centuries experiment after experiment seemed to
confirm the truth of Newtonian physics. Nevertheless, Einstein showed that there is
a deep sense in which Newton's laws are not the best description of physical reality.
What this appears to show is that even very well-confirmed hypotheses can
sometimes turn out to be wrong.

When you start to think about it, our confidence in scientific knowledge is quite
breathtaking. On the basis of a few observations that we have made on planet
Earth, we claim to have discovered laws of physics that apply to all times and all
places — billions of years ago and billions of light-years away. Yet we have observed
only a minute fraction of the universe. {As we mentioned in Chapter 1, astronomers
estimate that there are ten times more stars in the night sky than grains of sand in
the world’s deserts and beaches!)

Given the above, you might argue that scientists should show greater humility
and make Jess ambitious claims. For example, instead of saying ‘all metals expand
when heated’, perhaps we should restrict ourselves to the more modest assertion
that ‘all observed metals expand when heated’. This may show admirable humility,
but the fact is that deep down most physicists believe that they really are
discovering the fundamental laws in accordance with which the universe operates.

Theoretical problems

The problem of induction bites not only at the practical level, but also at the
theoretical level, For science is supposed to be an empirical discipline which makes
no claims beyond what has been observed. Indeed, the claim that it is grounded in
observation is supposed to be what distinguishes genuine science from pseudo-
science. So we seem to be faced with a dilemma. On the one hand, we could take
the alleged empiricism of science seriously, and tefuse to make any claims that go
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beyond what has actually been observed. There would, however, be a very high
price to pay for this. For it would mean that we would have o abandon any talk of
discovering laws of nature that apply in all times and all places. On the other hand,
we could defend the right of scientists to reason from the particular to the general,
and abandon the claim that science is a strictly empirical discipline. Again, this
seems to be a high price to pay. Another approach is to simply not worry about the
problem too much and just get on with the business of doing science!

The scientific method: summary of problems

Observation 1. Selectivity

. Expectations

. Expert seeing

. The observer effect

. Confirmation bias
. Background assumptions
. Under-determination

Hypothesis

R~y WN

law . Problem of induction

¥ Write short paragraphs explaining each of the above problems in your own words.

Falsification

One person who took the problem of induction seriously and tried to resolve the
dilemma was a philosopher called Karl Popper (1902-94). Popper’s interest in the
problem grew out of his concern to distinguish genuine science, such as Einstein’s
theory of relativity, from what he saw as pseudo-science, such as Marxism and
psychoanalysis. ,

As a young man, Popper had been impressed by the ability of theories put
forward by people such as Karl Marx (1818-83), Sigmund Freud (1856-1939) and
Alfred Adler (1870-1937) to explain everything. Adler, for example, believed that
human beings are dominated by feelings of inferiority. ‘To be human’, he said,
‘means to feel inferior.’ He then used this insight to explain more or less the entire
range of human behaviour. As impressive as this seers, Popper came to the
conclusion that what looked like a strength of the theory - its ability to explain
everything ~ was in fact a weakness.

Imagine, for example, that a man is walking along the bank of a fast-flowing river
when he sees a child fall in. He has two choices: either he jumps in and tries to rescue
the child or he does not. Suppose that he jumps in and tries to rescue the child. ‘Ah’,
says Adler, ‘this is exactly what my theory predicted. The man was clearly trying to
overcome his feeling of inferiority by demonstrating his bravery.’ Now suppose that
the man does not jump in to the river. Just as I thought’, says Adler. “This man is
clearly suffering from an inferiority complex which he is unable to overcome.’
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The above may be a caricature of Adler’s beliefs, but the point I want to
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cannot prove that a law is true, refutation is decisive: we need only one counter-
example to prove that a law is false.
" The conclusion Popper drew from this is that scientists should not waste their
time trying to prove that their hypotheses are true; for the problem of induction
shows that this is impossible. Rather, they should spend their time trying to prove
that their hypotheses are false. Despite its strangeness, Popper’s ingenious approach
is in many ways atiractive. He believed that a properly scientific approach to a
subject should explore the shortcomings of currently accepted theories. What he
disliked above all was any form of scientific dogmatism which blindly accepted the
prevailing orthodoxy. For if science is to progress then people must question and
criticise the current state of scientific knowledge.

There is, of course, no virtue in going around falsifying absurd hypotheses, such
as ‘an apple a day makes you good at calculus’, or ‘people who wear jeans are less
likely to have car accidents’. The point is rather to look closely at apparently well-
confirmed hypotheses in order to discover their shortcomings.

Take, for example, the scientific law that water boils at 100°C. If you mindlessly
boil pan after pan of water, you will never conclusively prove that this law is true
and you will not make any meaningful contribution to science. A better strategy
would be to look for situations in which water does not boil at 100°C. If you adopt
this approach, you might discover that, at high altitudes, water boils at less than
100°C. The challenge is then to find an explanation for why water boils at a lower
temperature at a higher altitude. And you are then in a position to test new ideas
and make real scientific progress.

According to Popper, any theory that resists our best efforts to falsify it should be
provisionally accepted as the best we have for the time being. But he insists that it
cannot be said to be true in any absolute sense; for it is always possible that in the
future it will be replaced by a better theory. That, after all, is what happened to
Newtonian physics!

Criticisms of Popper

Despite the attractions of Popper’s philosophy of science, it is itself open to criticism.

Falsification is conclusive in theory but not in practice

Falsificationism turns on the idea that, although confirmation is provisional,
falsification is decisive. While this is true in theory, it turns out that in practice
falsification is no more conclusive than verification. Imagine, for example, that you
do an experiment in the physics laboratory that contradicts one of Newton's laws of
motion. Do you announce that you have just disproved Newton? I doubt it! The
most reasonable conclusion is that you have messed up the experiment. What this
example suggests is that, while in theory a single counter-example is enough to
overturn a law of nature, in practice it is not. When there is a conflict between
hypothesis and observation we have a choice: we can either reject the hypothesis,
or we can reject the observation.
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There are in fact many examples in the history of science of scientists refusing to
abandon their theories in the face of observational evidence which appeared to
contradict them. Here are three such examples.

Physics  Newton's theory of gravity implied that, given the attractive forces
between the stars, the universe should collapse in a gigantic cosmic crunch.
Newton saw that this was a serious problem, but rather than abandon his theory,
he somewhat desperately concluded that God must be counteracting gravity and
keeping the stars in their places.

Chemistry When Dimitri Mendeleyev (1834-1907) came up with the periodic
table by arranging elements according to their atomic weights, the weights of somve
elements did not quite fit his model. Mendeleyev did not abandon this theory but
concluded that the anomalous weights must be due to experimental error.

Biology Charles Darwin’s (1809-82) theory of evolution required that the
earth be hundreds of millions of years old to allow enough time for species to
evolve. But according to the calculations of the leading physicist of the day, Lord
Kelvin (1824-1907), the earth was no more than 100 million years old. Kelvin's
figure was based on the best knowledge available at the time. Darwin found it
‘preposterously inadequate’, and he stuck with his theory.

With hindsight, we can say that Newton, Mendeleyev and Darwin were right to
stick with their theories in the face of observations that seemed to contradict then.
The universe does not collapse in on itself because the speed at which the stars are
moving away from each other counteracts gravity. The anomalous weights of some
of Mendeleyev’s elements were due to the presence of various isotopes. And Kelvin'’s
way of calculating the age of the earth was eventually shown to be wrong.

Aunxiliary hypotheses can rescue a falsified theory

What these examples show is that we should not always reject a promising theory as
Soon as we come across countter-evidence. For the counter-evidence may turn out to bw
experimental error, or our background assumptions may turn out to be wrong. Of
course, if the experimental evidence consistently goes against a theory, then we should
eventually abandon it. But a well-established theory may survive a long time in the
face of counter-evidence that no one is able to explain away. Censider, for example,
the following story told by the philosopher of science Imre Lakatos (1922--74):

The story is about an imaginary case of planetary misbehaviour. A physicist of the pre-
Einsteinian era takes Newton’s mechanics and his law of gravitation (N), the accepted initial
conditions, I, and calculates, with their help, the path of a newly discovered small planet, p.
But the planet deviates from the calculated path. Does our Newtonian physicist consider
that the deviation was forbidden by Newton's theory and therefore that, once established, it
refutes the theor'y N? No. He suggests that there must have been a hitherto unknown planet
p1 which perturbs the path of p. He calculates the mass, orbit, etc. of this hypothetical
planet and then asks an experimental astronomer to test his hypothesis. The planet p1 is so
small that even the biggest available telescopes cannot possibly observe it: the experimental
astronomer applies for a research grant to build a yet bigger one. In three years’ time the
new telescope is ready, Were the unknown planet pl to be discovered, it would be hajled as
a new victory for Newtonian science. But it is not. Does our scientist abandon Newton's
theory and his idea of the perturbing planet? No. He suggests that a cloud of cosmic dust
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hicles the planet from us. He calculates the location and properties of this cloud and asks for
4 research grant to send up a satellite to test his calculations, Were the satellite’s instruments
(possibly new ones, based on z little-tested theory) to record the existence of the conjectural
cloud, the result would be hailed as an outstanding victory for Newtonian science. But the
cloud is not found. Does our scientist abandon Newton’s theory, together with the idea of
(e perturbing planet and the idea of the cloud which hides it? No. He suggests that there is
suome magnetic field in that region of the universe wiich disturbed the instruments of the
witellite. A new satellite is sent up. Were the magnetic field to be found, Newtonians would
celehrate a sensational victory. But it is not. Is this regarded as a refutation of Newtonian
«ience? No. Either yet another ingenious auxiliary hypothesis is proposed or... the whole
slory is buried in the dusty volumes of pericdicals and the story never mentioned again.

As Lhis story suggests, there is in fact no such thing as a perfect theory, and you will
find anomalies and unresolved problems in every area of science. 1f a theory is well-
established and generally successful, then practitioners in the field tend to assume
that, with time, outstanding problems will be resolved. For example, when it was
discovered that the planet Uranus was not behaving as predicted by Newton'’s laws,
wicnlists did not abandon Newtonian physics but argued that there must he some
unknown planet atfecting it. In this case, they rejected neither the observation nor
the theory, but made an auxiliary hypothesis — the existence of an unknown
planel - to explain their observations. This led to the discovery of Neptune in 1846.
[lowever, when they tried to explain the misbehaviour of Mercury in the same way
hy postulating the existence of a planet calied Vulcan, they turned out to be wrong.
This lime Mercury’s behaviour could not be explained within the Newtonian
paradigm, and this eventually led to a scientific revolution and the replacement of
Newtonian physics by the theory of relativity.

The rationalist strand in scientific thinking

When there is a conflict between observation and hypothesis, there are in fact three
options:

* reject the hypothesis
® reject the observation
* accepl both the hypothesis and the observation and make an auxiliary hypothesis.

What our discussion shows is that there is both a rationalist and an empiricist
strand in scientific thinking. You may remember that a rationalist is someone who sees
reason as the main source of knowledge and an empiricist is someone who sees
experience as the main source of knowledge. When prediction and observation conflict
with one another, a rationalist is more likely to stick with a beautiful theory, and an
empiricist is more likely to stick with the observational evidence, Many great scientists
have had rationalist sympathies in the sense that they have been unwilling to abandon
a promising theory in the light of contrary evidence. Einstein was once asked how he
would have reacted if his general theory had not been confirmed by experiment. He
replied, “Ihen T would have felt sorry for the good Lord. The theory is correct anyway.’

The power of science derives from the fact that it combines reason in the form of
Mathematics with experience in the form of observational data. The rationalist part
of science is the belief that there is order ‘out there’, and that this order can be
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captured in scientific theories. The empiricist part is that if a theory is to survive
and flourish then it must be consistent with the observational facts.

What comes out of our discussion of Popper is that scientific theories cannot be
conclusively verified or falsified. They cannot be conclusively verified because of the
problem of induction; and they cannot be conclusively falsified because, when an
observation contradicts a theory, it is always open to you to reject the observation
rather than the theory. Strictly speaking then, the concept of proof is only relevant
to mathematics and logic and we cannot speak of science proving things in any
absolute sense. In science, as in every other area of knowledge that applies to the
world, we have to make do with something less than certainty.

Science and society

We have seen that neither inductivism neor falsificationism can give us an adequate
account of the nature of science. A third perspective is provided by the historian
and philosopher of science Thomas Kuhn {1922-96) who is best known for having
introduced the concept of a paradigm to the philosophy of science. As we saw in
the appendix to Part 2, a paradigm is an overarching theory shared by a community
of scientists, such as physicists, chemists or biologists, which is used to make sense
of some aspect of reality. Three important paradigms you are likely to have come
across at school are Newtonian mechanics in physics, atomic theory in chemistry,
and evolutionary theory in biology.

Normal science

While Popper argued that scientists should constantly be questioning their
assumptions, Kuhn drew attention to the fact that during periods of what he calls
‘normal science’ the vast majority of scientists are busy solving probiems within a
paradigm while taking the paradigm itself for granted. To take an example mentioned
earlier, the irregularity in the orbit of Uranus did not lead scientists to seriously question
Newtonian mechanics; rather they tried to solve the problem within the framework of
Newtonian mechanics. Popper might condemn such an uncritical approach, but the
fact is that, if you are going to get anything done, you cannot endlessly question your
assumptions. While great scientists such as Newton, Dalton and Darwin were architects
who established new paradigms, most scientists are bricklayers patiently filling in the
details and extending the body of scientific knowledge.

Scientific revolutions

Despite his emphasis on the stability of normal science, Kuhn argued that, far from
progressing smoothly over time, the history of science is punctuated by revolutions.
A scientific revolution takes place when scientists become dissatisfied with the
prevailing paradigm, and put forward a completely new way of locking at things. If
their ideas triumph, the new paradigm will replace the old one and inaugurate
another period of normal science. The shift from the geocentric to the heliocentric
model of the universe is the classic example of a scientific revolution. Other
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examples are the replacement of Aristotelian physics by Newtonian mechanics in
the seventeenth century, and the replacement of Newtonian mechanics by
Einstein’s theory of relativity in the early twentieth century.

while we tend to think of science progressing along the lines of Figure 8.9,

according to Kuhn the reality is more like Figure 8.10.
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Progress
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Figure 8.9 Figure 8.10

Do you think Figure 8.9 or Figure 8.10 more accurately reflects the way in which a
subject with which you are familiar progresses over time?

We said earlier that there is no such thing as a perfect theory in science and that at

any given time there are all kinds of problems and puzzles that have not yet been

solved. During periods of normal science, there is widespread confidence that such

problems can be solved by the existing paradigm. However, if over time the number

of unresolved problems reaches a critical mass, some people may begin to question '
the paradigm itself. If a new paradigm provides a better explanation of things a 5

scientific revolution is likely to occur. But not everyone will be converted to the new

way of thinking, and during periods of scientific crisis there are likely to be violent !

arguments between those who adhere to the old paradigm and those who advocate |

the new one. Often, the new ideas triumph only after older, more conservative, {

scientists have died and a new generation has grown up that is familiar with them. -

1 What truth, if any, do you think there is in the idea that older people are more
conservative and suspicious of new ideas than younger people? !

2 Find out how old some of the key figures in the history of science were when
they came up with the ideas for which they later became famous. What

conclusions, if any, can you draw fram your enquiry?
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How rational is science?

According to Kuhn, the progress of science is not as rational as is sometimes
thought. During periods of scientific crisis there may be no definite point at which
we can say it is irrational or unscientific to adhere to an old paradigm rather than
convert to a new one. This follows from the point made earlier that in practice a
theory can never be conclusively verified or falsified. For we can always dismiss
observations that seem to falsify the old paradigm as experimental error or explain
them away by making various auxiliary hypotheses. (Recall Lakatos’ story of
planetary misbehaviour.) Since there may be no purely rational way of choosing
between competing theories, Kuhn likened switching from one paradigm to another
to a religious conversion which may be influenced by a range of non-scientific
factors such as personal ambition and social pressure.

There is doubtless an element of truth in Kuhn's view. We may like to think that
scientists are motivated purely by love of truth, but that only tells part of the story.
A brief glance at the history of science suggests that other more questionable
motives, such as ambition, vanity and envy, also play a role. The vicious priority
disputes that punctuate the history of science would seem to bear out the wry
observation of the French biologist Charles Nicolle (1866-1936) that ‘Without
ambition and without vanity no one would enter a profession so contrary to our
natural appetites.’ (A priority dispute is a dispute about who was the first to discover
a particular law or come up with a particular theory.) The fact is that scientists arc
as concerned as the next person with their social status and public recognition. The
astronomer Edwin Hubble (1889-1953) was so anxious to get the Nobel Prize that
he even employed a public relations expert to help him secure it. Sadly for Hubble,
there is no Nobel Prize for astronomy and his efforts were in vain.

The social context also plays a role in the development of science and it may
determine a scientist’s choice of problems and the questions he or she is willing to
investigate. A great deal of scientific research is connected with the military’s desire
for power and big business’s desire for profit, and this has undoubtedly influenced
the direction it has taken in recent decades. Ambitious scientists may be attracted to
areas in which there is a plentiful supply of money to fund research; and they may
shy away from politically sensitive areas, preferring to work in less controversial
ones. Moreover, if they seek promotion, they will also be under pressure to conform
to the beliefs and values of the scientific community.

Assessment of Kuhn's position

We have now looked at three key elements in Kuhn's theory of science, which can
be summarised as follows:

1 During periods of normal science, most scientists do not question the
paradigm in which they are operating and focus instead on solving problems.

2 The history of science suggests that, rather than progressing smoothly, i
science goes through a series of revolutionary jumps.

3 During periods of scientific crisis, there is no purely rational way of decicling
hetween rival paradigms.
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To determine how convincing Kuhn's ideas are, let us look more closely at each of
the ahove points.

Normal science

I'here is probably some fruth in Kuhn's claim that during periods of normal science
most scientists work within the dominant paradigm without seriously questioning
it. The question, however, is whether or not it is a good thing. Admittedly, if
ccientists are to make any progress they cannot be endlessly questioning their
assumptions, but if they never do this, their beliefs may end up freezing into
dogmatism, That, at least, was Popper’s view:

In my view the ormal’ scientist, as Kuhn describes him, is a person one ought to be sorry
[or... The ‘normal’ scientist... has been taught badly. T believe... that all teaching on the
University level {and if possible below) should be training and encouragement in critical
thinking. The mormal’ scientist, as described by Kuhn,... has been taught in a dogmatic
spirit: he is a victim of indoctrination. He has learmed a technique which can be applied
wilhout asking for the reason why... He is, as Kuhn puts it, content to solve ‘puzzles’. The
“hoice of this term seems to indicate that Kuhn wishes to stress that it is not a really
fundamental problem which the ‘normal’ scientist is prepared to tackle: it is rather, a
rouline problem, a problem of applying what one has learned... The success of the ‘normal’
seivnlist consists, entirely, in showing that the ruling theory can be properly and
satistactorily applied in order to reach a solution of the puzzle in question.

To what exient are you encouraged to question your assumnptions in your
science classes at school? Can questioning your assumptions sometimes be
counter-productive?

Scientific revolutions

We also need to be careful with Kuhn’s account of the history of science in terms of
revolutions. For it is sometimes taken to imply that all of our current scientific
beliefs will one day be swept away in a new revolution. However, the fact that
science is punctuated by periods of intellectual upheaval does not necessarily mean
that when one paradigm replaces another the old one vanishes without trace. In
fact, the history of science suggests that scientific knowledge is broadly cumulative
and that, over time, scientific knowledge is getting closer to the truth.

Take, for example, physics. Despite the fact that Newtonian mechanics was
replaced by Einstein’s theory of relativity, the former is still valid across a vast range of
phenomena, and is in fact a special case of the latter. This suggests that, rather than
being straightforwardly right or wrong, we would do better to think of theories as
being more or less inclusive. Despite its limitations, Aristotle’s physics provided a
reasonable description of many everyday phenomena. It was replaced by Newtonian
physics, which is more rigorous and can account for a far wider range of phenomena.
But if we wish to explain the motion of electrons inside an atom or the nature of a
gravitational field near a black hole then we must turn to the theory of relativity.
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We can illustrate the idea of inclusiveness with the following analogy. If you are
laying the foundations of a house, you can treat the earth as if it were flat and make
your calculations in accordance with plane geometry. However, if you are dealing
with a much larger area, then you will need to take into account the curvature of
the earth. Here, plane geometry turns out to be a special case of the geometry that
is appropriate to the surface of a sphere. In much the same way, physicists see
Newtonian mechanics as a useful approximation that can be incorporated into the
more general theory of relativity.

Given what we have said, it seems reasonable to suppose that science will
continue to progress in a cumulative way in the future. Admittedly, some of our
well-tested theories may eventually turn out to be false; but it is difficult to imagine
future scientists rejecting our belief that the earth goes round the sun or that water
consists of two atoms of hydrogen and one of oxygen. They may, however, discover
that such beliefs are approximations to richer and more inclusive theories the
details of which we cannot at present imagine.

Choosing between rival paradigms

Kuhn claims that during periods of scientific crisis there is no purely rational way of
deciding between rival paradigms, and that a scientist’s beliefs will be influenced by
the society in which she lives.

As we saw earlier, there is doubtless some truth in this claim. At this point,
however, we should distinguish between the origin of a belief and its justification. l'or
the origin of a belief is not of any great relevance to science. All that matters is that
the belief should be testable. If it is confirmed by experiment, then we provisionally
accept it; if it fails then we reject it.

Since different paradigms interpret the world in fundamentally different ways
and we can never conclusively prove which one is true, some have taken Kuhn's
ideas to be a form of relativism. However, the fact that there are no conclusive
proofs does not mean that scientific knowledge is relative, but simply that - as in
every area of knowledge - it depends on judgement. We need judgement to decide
such things as which factors should be observed and which can be safely ignored,
which hypotheses make good sense of the data and which are too outlandish to be
useful, which anomalies to take seriously and which to dismiss as experimental
error. Such judgements are of course fallible, and they may turn out to be wrong,
but this does not make them any less rational. When astronomers speculated that
the irregular orbit of Mercury was due to an undiscovered planet, Vulcan, they were
wrong; but given the previous successes of Newtonian mechanics, it was a perfectly
rational hypothesis. The point, in short, is that just because reason is fallible, it docs
not follow that it has no value,

One of the great strengths of science is that in the long run it tends to be self-
correcting. The fact that scientists work in communities may put pressure on theim
to conform to the prevailing orthodoxy; but their natural competitiveness will
ensure that they check up on one another’s results. Moreover, the history of science
suggests that good ideas are eventually accepted; and it appears that the time it
takes for such ideas to win acceptance is getting shorter. While Copernicus’ theory
took more than a hundred years to win general acceptance, Einstein’s theory was
accepted by physicists in less than fifteen years.
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Just as good ideas win acceptance, so crackpot theories are weeded out. Despite
the support of an oppressive dictatorship, the Soviet biologist Trofim Lysenko
{1898-1976), who denounced genetics as ‘reactionary and decadent’, could not make
his wheat grow. Similarly, when in 1989 two scientists, Stanley Pons and Martin
Fleischmann, claimed they had produced a nuclear reaction called ‘cold fusion’ -
thereby raising the prospect of a source of energy that would be ‘too cheap to meter’
- no one else was able to replicate their results and they were quickly discredited.

what comes out of our discussion is that, although there is no straightforward
criterion for choosing between rival paradigms, some theories begin to look
increasingly plausible and others increasingly implausible as evidence accumulates
over time, Beyond a certain point, we are probably justified in dismissing a
discredited theory as irrational. Almost no one now takes seriously the claims of the
Flat Earth Society. Some ideas have had their day!

science and truth

Wwe have come a long way in our discussion of scientific knowledge and it is time to
take stock. Despite the high regard in which science is held, we have seen that there
can be no absolute proof in science and that we can neither conclusively verify nor
falsify a hypothesis. But this does not mean that we should embrace relativism. If a
scientific theory accounts for the known evidence, is internally consistent, and works
in practice, then we should - for the time being at least — accept it as true. Admittedly,
it may be replaced by a better theory in the future; but it seems reasonable to think
that as one theory follows another we can at least get closer to the truth,

At the same time we should maintain a critical attitude to our scientific beliefs
and be willing to question our assumptions. Given our tendency to notice only
things that confirm our beliefs, there is, at the psychological level, something to be
said for actively seeking evidence that falsifies them. This, I think, is one of the
advantages of Popper’s approach to science.

A theory of everything?

Some people believe that the ultimate goal of science is to discover a theory that is
50 general that we have a complete understanding of nature. Yet it seems unlikely
that the map of science will ever be able to reproduce the territory of reality. The
American physicist Richard Feynman (1918-88) once observed that understanding
nature is like understanding chess. In both cases, to understand means to know ‘the
rules of the game’. Now, to learn the rules of chess is a relatively straightforward
Matter but, even if you know them all, it is impossible to predict the course of any
particular game. (It has been estirnated that there are 10'2° possible moves in chess —
4l unimaginably large number!) When it comes to nature, we are dealing with a
8ame that is a great deal more complicated than chess. Not only is it very difficult
Fo discover the rules of the scientific game, but — as with chess — even if we succeed
i doing this, our understanding remains general rather than specific. You may be
armed with all the rules, but you will never get anywhere near knowing all of the
Ways in which atoms can combine with one another. So a ‘complete’ understanding
of the rules of nature will still Jeave plenty of room for surprises!
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My own hunch is that in the case of nature we will never even know alil the rules
of the game. Science operates on the assumption that by isolating key variables we
can discover the truth. When we do experiments we assume that some factors arc
relevant and that others can safely be ignored. Up until now this has been a
successful strategy. Yet the history of science suggests that as science advances we
have to take more and more factors into account that were previously dismissed as
irrelevant. Perhaps, as we delve into the complexities of nature, we will eventually
find that at the deepest level everything is connected to everything else. Since we are
finite creatures, we will never be able to grasp the totality of connections, and at
that point we will have reached the limits of science.

If you drop a stone into a pond, ripples spread out from the point of impact. The

ripples gradually diminish in size, but at what point do the effects of your action
end? What has this got to do with the above discussion?

Science and scientism

The success of science and technology has sometimes led people to make
extravagant claims about the scope of scientific knowledge. According to the view
known as scientism, science is the only way we can make sense of reality and
discover the truth. A typical representative of this view was the philosopher Rudolf
Carnap (1891-1970): “‘When we say that scientific knowledge is unlimited, we mean
that there is no answer in principle unattainable by science.” What Carnap is, in
effect, saying is that science is capable of finding all the answers to all the
questions, and if something is non-science then it is little different from nonsense.
There is a big difference between such dogmatic scientism and the more modest
conception of science we have looked at in this chapter. We can be proud of what
science has achieved; but it is important to keep in mind that it is a fallible human
enterprise which may get us closer to the truth but can never give us certainty.
Whatever Carnap may have thought, it seems clear that science does not have all
the answers, and there are many perplexing questions that lie beyond its scope.

Conclusion

The scientific spirit which is opposed to the uncritical acceptance of dogma has, in
large part, been responsible for the enormous growth of knowledge over the last
three centuries, and science is widely seen as one of humanity’s great success storics.
Our pride in science should, however, be tempered by a degree of humility, and it is
worth keeping in mind Bertrand Russell’s comment that ‘Science tells us what we
can know, but what we can know is little, and if we forget how much we cannot
know we become insensitive to many things of great importance.’ It is striking that
some of the world’s greatest scientists have been aware of the limited nature of their
achievements and the extent of their ignorance. Towards the end of his life, Albert
Einstein observed that ‘All science, measured against reality, is primitive and
childlike.” And vet he still believed that it is ‘the most precious thing we have’.

Areas of knowledge




e The success of the natural sciences has led some people to see them as the
most important form of knowledge.

o The main difference between science and pseude-science is that scientific
hypotheses can be tested and pseudo-scientific ones cannot.

o According to the traditional picture of the scientific method, science consists
of five key steps: observation, hypothesis, experiment, law, theory.

o Among the problems that arise in applying the scientific method are that
observation is selective, and that you are more likely to notice things that
confirm your hypothesis than those that contradict it.

e Since scientific laws are based on a limited number of observations, we can
never be sure that they are true.

o According to Karl Poppey, science should be based on the method of
conjectures and refutations, and scientists should try to falsify hypotheses
rather than verify them. t

s In practice, a hypothesis can no more be conclusively falsified than it can be :
conclusively verified.

e Thomas Kuhn drew attention to the role played by paradigms in science and
argued that the history of science is punctuated by revolutionary jumps or
‘paradigm shifts’.

o Although scientific beliefs change over time, it could be argued that each
new theory is closer to the truth than the previcus one.

» Despite the success of the natural sciences, they cannot give us absolute
certainty and there are many perplexing questions that lie beyond their scope. i

eomatinpeip s 10

Terms to remember

anomaly paradigm ‘
conjectures and refutations physics envy Eo
controlled experiment principle of simplicity L
empirical pseudo-science {
empiricist rationalist

falsification relativism

hypothesis science worship

law scientism

logical positivism
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Further reading

A. C. thalmers, What Is This Thing Called Science? (Open University Press, 1982). This
book gives a good overview of the main ideas about the nature of science. You might not
want fo read it from cover to cover, but there are useful chapters on traditional inductivism,
Popper’s falsificationism and Kuhn's paradigms.

Richard P. Feynman, ‘Surely You're Joking Mr. Feynman!” (W. W. Norton, 1997), pp.
338-46, ‘Cargo Cult Science’. Richard Feynman was one of the great physicists of the
twentieth century. In this chapter he considers the difference between science and pseudo-
science in his own inimitable and entestaining style.
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Linking Questions

PERCEPTION
How far do expectations
influence chservaticns? J

LANGUAGE
What role do metaphors
play in science?

REASON
Is there a logic of
scientific discovery?

EMOTION
What does biology tell
us about the emotions?  /

RELIGION
How similar is ‘faith in the
order of the universe' to

religious faith? 4

Natural
sciences

MATHEMATICS
Is the book of nature
written in the language
of mathematics?

ETHICS
What are the moral
responsibilities of
scientists?

THE ARTS

What role does
imagination play in the
sciences?

HUMAN SCIENCES
How do the human
sciences differ from the
natural sciences?

HISTORY
Sheuld scientists know  }
about the history of their
subjects? £
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